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1 0 BACKGROUND OF THE INVENTION 

This application relates generally to fiber optics and more specifically to 
techniques and devices for monitoring signals in multi-wavelength fiber optic 
communication channels. 

The Internet and data communications are causing an explosion in the 

15 global demand for bandwidth. Fiber optic telecommunications systems are currently 
deploying a relatively new technology called dense wavelength division multiplexing 
(DWDM) to expand the capacity of new and existing optical fiber systems to help satisfy 
this demand. In DWDM, multiple wavelengths of light simultaneously transport 
information through a single optical fiber. Each wavelength operates as an individual 

20 channel carrying a stream of data. The carrying capacity of a fiber is multiphed by the 
number of DWDM channels used. Today DWDM systems employing up to 80 channels 
are available from multiple manufacturers, with more promised in the future. 

At each end of a multi-wavelength optical link are wavelength 
multiplexers and demultiplexers. A wavelength multiplexer (wavelength combiner) 

25 combines the light firom multiple fibers, each carrying light of different wavelength band, 
onto the single fiber. A wavelength demultiplexer (wavelength splitter) performs the 
reverse operation by directing light on the single fiber, which carries light in each of a 
plurality of wavelength bands, onto separate fibers for each band. Such devices are 
generally reversible, functioning as a wavelength multiplexer in one direction and as a 

30 wavelength demultiplexer in the other direction. 

It is necessary in the operation of fiber optic networks to monitor one or 
more parameters of each of the signal channels in order to detect potential problems and 
initiate corrective measures. A typical approach is to measure the signal quality of each 



optical channel at a location where the individual wavelengths have already been 
demultiplexed into separate fibers, and the optical signals on the separate fibers converted 
to electrical signals using suitable photodetectors. A portion of the electrical signal is 
tapped off and communicated to suitable high-speed electronic circuitry for monitoring 
5 the desired parameters for that signal's corresponding wavelength channel. Typical 
measures of optical signal quahty include signal-to-noise ratio, bit error rate, optical 
power level, and optical wavelength center frequency. Additionally, certain signal 
protocols (e.g., SONET, which stands for synchronous optical network, and which uses 
time division multiplexing) provide information within the digital signal stream relating 

10 to signal quality. The various techniques for monitoring optical signal quaUty are well 
known and are in widespread commercial use. 

Thus the wavelength-monitoring circuitry would be deployed in 
association with the transmission equipment, or at other locations where the signals are 
already wavelength demultiplexed and converted to electrical signals, such as at a 

15 regenerator or optical cross-connect system (OXC). As is known, a regenerator (also 

known as a repeater) performs optical-to-electrical conversion of each channel, followed 
by electrical signal amphfication, shaping, or other conditioning, followed by electrical- 
to-optical conversion and subsequent wavelength multiplexing. Similarly, an OXC 
typically converts the optical wavelengths to electrical signals in order to perform the 

20 cross-connection function in the electrical domain. While in the electrical domain, it is 
possible to monitor the quality of the optical signal transmission. However this approach 
is limited to systems where expensive optical-to-electronic-to-optical (O-E-0) conversion 
is used in the transmission path. Newer fiber optic network architectures avoid such O-E- 
O conversion. 

25 Possibly in recognition of this potential limitation, an altemative prior art 

approach is to tap a small fraction of the light off the fiber (at any desired location along 
the link), demultiplex the different wavelength channels onto individual fibers, convert 
each of the optical signals into electrical signals using suitable photodetectors, and 
communicate each of the electrical signals to suitable wavelength-monitoring circuitry. 

30 However, this technique, while providing additional flexibiUty, requires the replication of 
the photodetectors and high-speed electronic circuitry for each wavelength channel, 
adding cost and complexity to the system. 

A third approach is to tap a small fraction of the Ught off of the fiber, pass 
the light through and optical train which includes a dispersive element, such as a 
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diffraction grating, and image the individual wavelengths onto individual photodetectors. 
Like the previous approach, the disadvantage of this technique is the high cost of the 
replicated photodetectors and related high-speed electronic circuitry. 



5 SUMMARY OF THE INVENTION 

The present invention provides a cost-effective and versatile technique for 
monitoring desired signal parameters of multi-wavelength optical links. 

In short, a method of monitoring input light having a plurality of spectral 
bands (wavelength channels) includes the following, carried out for at least two different 
10 spectral bands at different times, using a common photodetector and wavelength- 
monitoring circuit that is coupled to the photodetector: separating one of the spectral 
bands from the plurahty of spectral bands, directing Ught in only that spectral band to the 
photodetector, and generating, with the wavelength-monitoring circuit, a signal 
representing a quality characteristic of a modulated or unmodulated pattern of light in that 
1 5 spectral band. 

There is no particular required sequence of monitoring the different bands. 
For example, each of the spectral bands can be individually and sequentially monitored in 
round-robin fashion, each of a subset of the spectral bands can be individually and 
sequentially monitored in round-robin fashion (to provide selective wavelength 

20 monitoring), or the monitoring can be ad hoc in response to external requirements. If 

desired, the optical power of the plurahty of spectral bands can be monitored by directing 
the light in the spectral bands other than the band that has been separated from the 
plurality to an additional common photodetector and a common power-monitoring circuit. 

Apparatus for monitoring input light having a plurality of spectral bands 

25 includes an optical train that provides optical paths for routing the spectral bands, a 
routing mechanism, a photodetector, and a monitoring circuit coupled to said 
photodetector to provide a signal representing a quality characteristic of a modulated or 
unmodulated pattern of light impinging on said photodetector. In specific embodiments, 
the routing mechanism includes a plurality of dynamically configurable routing elements 

30 corresponding to the plurality of spectral bands. The optical train may include a 

dispersive element that intercepts the input light and directs light in respective spectral 
bands to respective routing elements. Each routing element has a first state causing that 
routing element to direct its respective spectral band to the photodetector, and a second 
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state causing that routing element to direct its respective spectral band so as not to reach 
the photodetector. 

The apparatus would typically be used with a control circuit that specifies 
the states of the routing elements. Thus, a given routing element could be commanded to 
5 enter its first state, while the remaining routing elements could be commanded to enter 
their respective second states, thereby resulting in an output signal from the monitoring 
circuit that represented the quality characteristic of the spectral band associated with the 
given routing element, 

A further understanding of the nature and advantages of the present 
10 invention may be realized by reference to the remaining portions of the specification and 
the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram of a representative wavelength monitoring 
15 element (WME); 

Fig. 2 is a block diagram of a wavelength monitoring system embodying 
multiple WMEs; and 

Figs. 3 A-3D show representative implementations of wavelength routers 
that are suitable for incorporation into the WME. 

20 

DESCRIPTION OF SPECIFIC EMBODIMENTS 
Wavelength-Monitoring Element (WME) 
WME Overview 

Fig. 1 is a block diagram of an embodiment of a wavelength-monitoring 
25 element (WME) 10. The WME comprises two major subsystems, a wavelength router 15 
and wavelength monitoring electronics 20. The input light is represented as including 
wavelengths designated XI,. XSO for the specific example where there are 80 wavelength 
channels (spectral bands). 

Although the input light could have a continuous spectrum, adjacent 
30 segments of which could be considered different spectral bands, it is generally 

contemplated that the spectrum of the incoming light will have a plurality of spaced 
bands, such as those defined by the International Telecommunications Union (ITU) 
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standard wavelength grid. The ITU grid has a frequency band centered at 193,100 GHz, 
and other bands spaced at 100 GHz intervals around 193,100 GHz. This corresponds to a 
wavelength spacing of approximately 0.8 nm around a center wavelength of 
approximately 1550 nm, it being understood that the grid is uniform in frequency and 
5 only approximately uniform in wavelength. The term "spectral band" is sometimes used 
interchangeably with the term "wavelength," since the bands are narrow relative to their 
spacing from each other 

Wavelength Router Overview 

The general ftmctionality of wavelength router 15 is to accept Ught having 
1 0 a plurality of (say N) spectral bands at an input port 25 (or multiple input ports), and 
selectively direct subsets of the spectral bands to desired ones of a plurality of (say M) 
output ports 27(1... M). In the illustrated embodiment of the WME, N=80 and M=2. A 
specific implementation will be discussed below. 

For the present discussion, it suffices to note that the wavelength router 
1 5 preferably includes a dispersive element, which may be a diffraction grating or a prism, 
and a routing mechanism. In some embodiments, the routing mechanism includes N 
routing elements. In such embodiments, the routing elements are multi-state elements 
whose respective states can be dynamically switched to direct the intercepted spectral 
band so that it ultimately reaches a desired one of the output ports. The routing elements 
20 have associated actuators or other control elements to effect state switching. The 

actuators have associated actuator control electronics, which will be described below. 

The terms "input port" and "output port" are intended to have broad 
meanings. At the broadest, a port is defined by a point where light enters or leaves the 
system. For example, the input (or output) port could be the location of a light source (or 
25 detector) or the location of the downstream end of an input fiber (or the upstream end of 
an output fiber). In specific embodiments, the structure at the port location could include 
a fiber connector to receive the fiber, or could include the end of a fiber pigtail, the other 
end of which is connected to outside components. Most of the embodiments contemplate 
that Ught will diverge as it enters the wavelength router after passing through the input 
30 port, and will be converging within the wavelength router as it approaches the output port. 
However, this is not necessary. 

For the appUcation of a WME, wavelength router's output ports 27(1,2) 
communicate with respective photodetectors 30(1,2). While this communication is 
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shown as suggesting output fibers at the output ports, the photodetectors could equally 
well be mounted directly at the output ports. Suitable photodetectors include PIN 
photodiodes or avalanche photodiodes. 

Wavelength-Monitoring Electronics 

5 The general functionality of wavelength-monitoring electronics 20 is to 

receive the photodetector signals, perform suitable monitoring of these signals, and 
control the actuators of the wavelength router so that suitable ones of the spectral bands 
are monitored. To this end, wavelength-monitoring electronics 20 preferably includes a 
local controller 35, which can be an embedded microcontroller or a general purpose 

10 processor. 

In a specific embodiment, there are two monitoring circuits 40 and 42. 
Circuit 40 receives the electrical signal from photodetector 30(1), and generates an 
electrical signal representing one or more signal parameters of a single wavelength 
channel (spectral band). To that end, circuit 40 typically includes a receiving circuit, a 

1 5 clock recovery and timing circuit, and one or more signal quality measurement circuits 
(these components are well known, and are not shown individually), A common 
approach to implementing the signal quahty measurements is by the use of a 
programmable digital signal processor (DSP) whose control program implements the 
measurement algorithms. 

20 The monitored signal parameter or parameters can be any desired 

characteristic of the modulated (or perhaps unmodulated) pattern of Ught on a given fiber. 
It is typically one or more of the following: signal-to-noise ratio, bit error rate, optical 
power level, optical wavelength center frequency, or specific data patterns (e.g., the "Bl" 
and "B2" error monitoring bytes in the SONET STS-1 frame). Circuit 42 receives the 

25 electrical signal from photodetector 30(2), and generates an electrical signal representing 
the total optical power on the input fiber (subject to a minor quahfication discussed 
below). This provides information regarding signal strength as well as continuity. 

The signals from monitoring circuits 40 and 42 are communicated to 
controller 35, which stores them, communicates them to a higher-level network 

. 30 management application, or further processes them for the purpose of refining the 
monitoring. For example, controller 35 may store values of the signals over time to 
perform statistical analysis of the monitored signals. 
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Wavelength-monitoring electronics 20 further includes actuator control 
circuitry 45, which provides suitable control signals to the actuators in wavelength router 
15. The actuator control circuitry is controlled by controller 35, and could be viewed as 
an interface between the controller and the wavelength router. The actuator control 
5 electronics may include digital switches, power drivers, and digital-to-analog converters 
(DACs), which are responsive to a controller, such as a microprocessor, which determines 
the state of the multi-state elements. The interface between controller 35 and actuator 
control circuitry 45 can take several common forms, such as a parallel set of control lines 
or a microprocessor-compatible address/data/control bus. 

10 In some cases, it may be possible to dispense with separate actuator 

control circuitry. For example, the wavelength router may have interface circuitry that 
allows the wavelength router to respond to direct commands from controller 35. There is, 
as a matter of design choice, an inevitable division of labor between wavelength router 15 
and wavelength-monitoring electronics 20. The present invention is not limited to any 

1 5 particular apportionment of functionality with respect to the control of the wavelength 

router actuators. In a current implementation, the wavelength router does not contain any 
control electronics at all other than simple drivers (actuator electronics). Rather, all of the 
inteUigence and control circuitry is contained within WME electronics 20. 

Controller 35 preferably also communicates with other computers in the 

20 network environment using standard or proprietary interfaces and protocols. This is 

shown schematically as a network management interface 50. These other computers are 
typically executing network management applications. 

WME Operation 

The general operation of the WME 10 is to cause wavelength router 15 to 
25 switch a desired single spectral band to photodetector 30(1) and to switch the remaining 
spectral bands to photodetector 30(1). This is then typically repeated by switching a 
different spectral band to photodetector 30(1). When a given spectral band is switched to 
photodetector 30(1), the desired signal parameter for that spectral band is provided by 
monitoring circuit 40, while monitoring circuit 42 provides a signal representing the total 
30 optical power of the remaining 79 spectral bands. It should be noted that switching from 
monitoring one spectral band to monitoring another only requires that two of the routing 
elements change state. If the wavelength router is configured so that only one routing 
element can be switched at a time, and the routing element for the just-monitored spectral 
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band is switched first, there is an interval between successive monitoring cycles where all 
80 spectral bands are directed to photodetector 30(2), so that the total optical power can 
be measured. 

When all bands (e.g., 80) are switched to photodetector 30(2), the total 

5 optical power contained in the fiber can be measured and remembered by the controller. 
Based on this total power measurement, an "alarm" threshold can be calculated as a 
fraction of the total power level. If the optical power received at the photodetector falls 
below the alarm threshold, the controller can communicate an alarm condition or a failure 
condition to the network management application. The alarm threshold calculation takes 

10 into consideration that one band is switched to the other photodetector. 

The invention is not limited to any specific sequence of monitoring the 
different spectral bands. A common regime has controller 35 command that each of the 
plurality of spectral bands be sequentially monitored in round-robin fashion. 
Alternatively, in situations where different spectral bands are being used for different 

] 5 types of network traffic, with some types of traffic requiring higher quality of 

transmission (say data as opposed to voice), only a subset of spectral bands need to be 
monitored. In a further variation, different subsets could be monitored at different 
frequencies. Further, the monitoring can be entirely ad hoc, with a given spectral band 
being monitored in response to a diagnostic request. 

20 In any event, if the measurement interval for a single spectral band is on 

the order of 1 milhsecond, the time to monitor all 80 spectral bands is only 80 
milliseconds. Thus, substantially full-time monitoring of all channels can be effected 
with only a single set of monitoring electronics. This makes it economically feasible to 
monitor multiple signal quality characteristics. 

25 It may also be desired to monitor the optical power of an individual 

spectral band. While it is possible to provide a separate power monitoring circuit, it is 
preferred to operate in a mode, on occasion, where only a single spectral band is switched 
to photodetector 30(2), with the remaining spectral bands being switched to photodetector 
30(1). 

30 Wavelength Monitoring Svstem 

Fig. 2 is a block diagram of a wavelength monitoring system 60 
embodying two WMEs, designated 10a and 10b, to allow monitoring signals two fibers, 
designated 62a and 62b. A typical application would entail monitoring two or four fibers 
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for a bidirectional line switched ring (BLSR). The wavelength monitoring system is 
shown as a module interposed in the two fiber paths, and as such has two input ports 63a 
and 63b, and two output ports 64a and 64b. 

WMEs 10a and 10b are connected to their respective optical fibers using 
5 standard tap couplers 65a and 65b. Each tap coupler has a single input port and first and 
second output ports, with a small percentage (e.g., 10%) of the optical signal being 
directed to the first output port and the remaining signal unaltered to the second output 
port. The respective input ports of tap couplers 65a and 65b are coupled to the respective 
input ports 62a and 62b of the wavelength monitoring system. The respective input ports 

10 25a and 25b of WMEs 10a and 10b are coupled to the respective first output ports of tap 
couplers 65a and 65b. The respective second output ports of tap couplers 65a and 65b are 
coupled to the respective output ports 64a and 64b of the wavelength monitoring system. 

Wavelength monitoring system 60 also includes a management processor 
70 coupled to the respective network management interfaces (designated 50 in Fig. 1) of 

15 the WMEs. Management processor 70 has interfaces 72 and 75 to a user panel (not 
shown) and a management port. Management processor 70 is responsible for 
communicating the measurement data from the WME to other processors in the network. 
These other processors will typically be running network management applications 
designed to maintain the configuration, status, and performance of the overall network. 

20 The management processor will also take instructions from the network 

management applications as to which wavelength bands or sub-bands to monitor. The 
management processor will in turn instruct the controller in the WME as to which 
wavelengths to measure. The WME controller performs the function of controlling the 
state of the individual actuators in the wavelength router. The WME controller then 

25 communicates the measurement data to management processor 70 which in turn 
communicates it to the network management applications. 

Wavelength Router Implementation 

Figs. 3A, 3B, and 3C are schematic top, side, and end views, respectively, 
of a possible implementation of wavelength router 15. The output ports, designated 
30 27(1 . , . M), are shown in the end view of Fig. IC as disposed along a line 77 that extends 
generally perpendicular to the top view of Fig. 3 A. The drawing is not to scale. The 
drawing is shown generically with N spectral bands and M output ports, but as mentioned 
above, for use in WME 10, N=80 and M=2. 
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Light entering wavelength router 15 from input port 25 forms a diverging 
beam 78, which includes the different spectral bands. Beam 78 encounters a lens 80 
which coUimates the light and directs it to a reflective diffraction grating 85. Grating 85 
disperses the light so that coUimated beams at different wavelengths are directed at 
different angles back towards lens 80, Two such beams are shown explicitly and denoted 
86 and 86' (the latter drawn in dashed lines). Since these coUimated beams encounter the 
lens at different angles, they are focused at different points along a hne 87 in a transverse 
focal plane. Line 87 extends in the plane of the top view of Fig. 3 A. 

The focused beams encounter respective ones of plurality of 
retroreflectors, designated 90(1 . . . N), located near the focal plane. The beams are 
directed, as diverging beams, back to lens 80. Each retroreflector sends its intercepted 
beam along a reverse path that may be displaced in a direction perpendicular to line 87. 
More specifically, the beams are displaced along respective lines 95(1 . . . N) that extend 
generally parallel to line 77 in the plane of the side view of Fig. 3B and the end view of 
Fig. 3C. In the particular embodiment shown in Figs. 3 A-3C, the retroreflectors are 
rooftop prisms and the displacement of each beam is effected by moving the position of 
the retroreflector along its respective line 95(i). 

The beams returning from the retroreflectors are coUimated by lens 80 and 
directed once more to grating 85. Grating 85, on the second encounter, removes the 
angular separation between the different beams, and directs the coUimated beams back to 
lens 80, which focuses the beams. However, due to the possible displacement of each 
beam by its respective retroreflector, the beams will be focused at possibly different 
points along line 77. Thus, depending on the positions of the retroreflectors, each beam is 
directed to one or another of output ports 27(1 . . . M). 

Fig. 3D shows schematically the operation of an alternative retroreflector, 
designated 90', that uses micromirrors. A pair of micromirror arrays 102 and 105 are 
moimted to the sloped faces of a V-block 110. A single micromirror 1 12 in micromirror 
array 102 and a row of micromirrors 1 15(1 . . .M) in micromirror array 105 define a single 
retroreflector. Micrometer arrays 102 and 105 may conveniently be referred to as the 
input and output micromirror arrays, with the understanding the Ught paths are reversible. 
The left portion of the figure shows micromirror 1 12 in a first orientation so as to direct 
the incoming beam to micromirror 115(1), which is oriented 90° with respect to 
micromirror 1 12's first orientation to direct the beam back in a direction opposite to the 
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incident direction. The right half of the figure shows micromirror 1 12 in a second 
orientation so as to direct the incident beam to micromirror 1 15(M). Thus, micromirror 
1 12 is moved to select the output position of the beam, while micromirrors 1 15(1 . . .M) 
are fixed during normal operation. 
5 Micromirror 1 12 and the row of micromirrors 1 15 (1 . . .M) can be 

replicated and displaced in a direction perpendicular to the plane of the figure. While 
micromirror array 102 need only be one-dimensional, it may be convenient to provide 
additional micromirrors to provide additional flexibility. It is preferred that the 
micromirror arrays are planar and that the V-groove have a dihedral angle of 
10 approximately 90° so that the two micromirror arrays face each other at 90°. This angle 
may be varied for a variety of purposes by a considerable amount, but an angle of 90° 
facilitates routing the incident beam with relatively small angular displacements of the 
micromirrors. 

Conclusion 

15 In conclusion it can be seen that the present invention provides an elegant 

and effective approach to wavelength monitoring. Many spectral bands (wavelength 
channels) can be monitored using a single channel of monitoring circuitry. This lowers 
the cost, reduces the power consumption, and decreases size of modules. 

While the above is a complete description of specific embodiments of the 

20 invention, various modifications, alternative constructions, and equivalents may be used. 
For example, it should be imderstood that the invention can be scaled up or down to any 
number of wavelengths by using the appropriately sized wavelength router. Further, it 
should also be understood that any wavelength switching technology capable of switching 
a single wavelength firom a multiplexed set of wavelengths can be used in place of the 

25 wavelength router. Thus, while the specific embodiments use a wavelength router 
constructed as described above, and more fully in the above-referenced U.S. Patent 
Application No. 09/442,061 of Robert T. Weverka et al., wavelength routers offering 
similar functionality can be constructed using other approaches, such as hquid crystal 
switches. See, for example, U.S. Patent No, 5,414,540 to Patel et ah and U.S. Patent No. 

30 5,912,748 to Wuetal. 

Therefore, the above description should not be taken as limiting the scope 
of the invention as defined by the claims. 
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WHAT IS CLAIMED IS: 



1 LA method of monitoring input light having a plurality of spectral bands, 

2 the method comprising: 

3 during a first time interval, 

4 separating a first spectral band of the plurality of spectral bands 

5 from the plurality of spectral bands, 

6 directing the first spectral band to a photodetector while preventing 

7 the spectral bands in the plurality of spectral bands other than the first spectral 

8 band from reaching the photodetector, and 

9 generating, with a wavelength-monitoring circuit that is coupled to 

10 the photodetector, a first signal representing a quality characteristic of a 

1 1 modulated or unmodulated pattern of light in the first spectral band; and 

12 thereafter, during a second time interval, 

13 separating a second spectral band of the plurality of spectral bands 

14 from the plurahty of spectral bands, 

15 directing the second spectral band to the photodetector while 

1 6 preventing spectral bands in the plurality of spectral bands other than the second 

17 spectral band from reaching the photodetector, and 

1 8 generating, with the wavelength-monitoring circuit, a second signal 

19 representing a quahty characteristic of a modulated or unmodulated pattem of 

20 hght in the second spectral band. 

1 2. The method of claim 1 , and ftirther comprising, during the first time 

2 interval, generating a first power signal representing combined optical power of the 

3 spectral bands other than the first spectral band. 

1 3. The method of claim 1 , and further comprising: 

2 during subsequent successive time intervals, 

3 separating each spectral band of the plurality of spectral bands 

4 from the plurality of spectral bands, 

5 directing the separated spectral band to the photodetector while 

6 preventing the spectral bands other than the separated spectral band from reaching 

7 the photodetector, and 
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8 generating, with the wavelength-monitoring circuit, a signal representing a 

9 quality characteristic of a modulated or unmodulated pattern of light in the separated 
10 spectral band. 

1 4. The method of claim 1, wherein the first and second signals represent,. 

2 for the first and second spectral bands, one or more of signal-to-noise ratio, bit error rate, 

3 optical power level, and optical wavelength center frequency. 

1 5. The method of claim 1, wherein: 

2 the modulation pattern implements SONET STS-1 fi-ames; and 

3 the first and second signals represent specific bytes in the SONET frames. 

1 6. Apparatus for monitoring input light having a plurality of spectral 

2 bands, the apparatus comprising: 

3 an optical train that intercepts the input light and provides optical paths for 

4 routing the spectral bands; 

5 a photodetector; 

6 a routing mechanism that operates to direct selected spectral bands to said 

7 photodetector; 

8 an electrical circuit coupled to said photodetector to provide a signal 

9 representing a quality characteristic of a modulated or unmodulated pattem of hght 

10 impinging on said photodetector; and 

11 a control circuit coupled to said routing mechanism to cause different 

12 selected spectral bands to said photodetector, whereby said electrical circuit provides 

13 signals representing the quality characteristic for the different selected spectral bands. 

1 7. The apparatus of claim 6, wherein said electrical circuit provides a 

2 signal representing, for each selected spectral band, one or more of signal-to-noise ratio, 

3 bit error rate, optical power level, and optical wavelength center firequency. 

1 8. The apparatus of claim 6, wherein: 

2 said modulation pattem implements SONET STS-1 frames; and 

3 said electrical circuit provides a signal representing specific bytes in the 

4 SONET firames. 

1 9. The apparatus of claim 6, wherein 
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2 said control circuit sequentially causes said routing mechanism to select 

3 each of the plurality of spectral bands so that the plurality of spectral bands are 

4 sequentially communicated to said photodetector in a round-robin fashion. 

1 10. The apparatus of claim 6, wherein: 

2 said routing mechanism includes a plurality of dynamically configurable 

3 routing elements corresponding to the plurality of spectral bands, each routing element 

4 having first and second states, said first state causing that routing element to direct its 

5 respective spectral band to said photodetector, said second state causing that routing 

6 element to direct its respective spectral band so as not to reach said photodetector; and 

7 said control circuit sequentially selects each routing element in a desired 

8 subset of the plurality of routing elements so that the corresponding subset of spectral 

9 bands are sequentially communicated to said photodetector in a round-robin fashion, 

10 whereupon the spectral bands in said subset of spectral bands are monitored for quality by 

1 1 said electrical circuit and spectral bands not in said subset are not monitored for quahty 

12 by said electrical circuit. 

1 11. The apparatus of claim 10, wherein: 

2 said second state of each of said routing elements causes that routing 

3 element to direct its respective spectral band to a common location. 

1 12. The apparatus of claim 11, and further comprising an additional 

2 photodetector that generates a signal representing optical power of light impinging on 

3 said common location. 

1 13. The apparatus of claim 6, wherein said optical train includes a 

2 dispersive element. 

1 14. The apparatus of claim 10, wherein at least one of said dynamically 

2 configurable elements is a rooftop prism whose position can be changed to define said 

3 first and second states. 

1 15. The apparatus of claim 10, wherein at least one of said dynamically 

2 configurable elements includes a mirror whose orientation can be changed to define said 

3 first and second states. 
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1 16. The apparatus of claim 12, further comprising an additional electrical 

2 circuit that is connected to said additional photodetector and computes the total optical 

3 power incident on said additional photodetector and sets a threshold for triggering a fault 

4 condition if said optical power falls below said threshold. 

1 17. The apparatus of claim 6, incorporated into a system that further 

2 includes: 

3 a coupler that directs a fraction of light traveling on a fiber to be monitored 

4 to said optical train; and 

5 a management processor that receives information based on said signal 

6 representing a quality characteristic. 

1 18. Apparatus for monitoring at least one characteristic of input light 

2 having a plurality of spectral bands, the apparatus comprising: 

3 an optical train that intercepts the input light and provides optical paths for 

4 routing the spectral bands; 

5 first and second photodetectors; 

6 a plurality of dynamically configurable routing elements corresponding to 

7 the plurality of spectral bands, each routing element having first and second states, said 

8 first state causing that routing element to direct its respective spectral band to said first 

9 photodetector, said second state causing that routing element to direct its respective 

10 spectral band to said second photodetector; 

11 a first electrical circuit coupled to said first photodetector to provide a 

12 signal representing a quality characteristic of a modulated or unmodulated pattern of light 

13 impinging on said first photodetector; 

14 a second electrical circuit coupled to said second photodetector to provide 

15 a signal representing optical power of light impinging on said second photodetector; and 

16 a control circuit coupled to said routing elements to cause different 

17 selected ones of said routing elements to assume said first state while causing the 

18 remaining routing elements to assume said second state. 

1 19, The apparatus of claim 18, wherein said first electrical circuit provides 

2 a signal representing, for each selected spectral band, one or more of signal-to-noise ratio, 

3 bit error rate, optical power level, and optical wavelength center frequency. 
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1 20. The apparatus of claim 18, wherein said control circuit sequentially 

2 selects each routing element in the plurality of routing elements so that the plurality of 

3 spectral bands are sequentially communicated to said first photodetector in a round-robin 

4 fashion. 

1 21. The apparatus of claim 18, wherein said control circuit sequentially 

2 selects each routing element in a desired subset of the plurality of routhig elements so that 

3 the corresponding subset of spectral bands are sequentially connmiunicated to said first 

4 photodetector in a round-robin fashion, whereupon said subset of spectral bands are 

5 monitored for quality by said first electrical circuit and spectral bands not in said subset 

6 are not monitored for quality by said first electrical circuit. 

1 22. The apparatus of claim 18, wherein said first photodetector is a PIN 

2 photodiode or an avalanche photodiode. 

1 23. The apparatus of claim 18, wherein said optical train includes a 

2 dispersive element. 

1 24. The apparatus of claim 18, wherem at least one of said dynamically 

2 configurable elements is a rooftop prism whose position can be changed to define said 

3 first and second states. 

1 25 . The apparatus of claim 1 8, wherein each of said dynamically 

2 configurable elements includes a mirror whose orientation can be changed to define said 

3 first and second states. 

1 26. The apparatus of claim 18, wherein said second electrical circuit 

2 connected to said second photodetector computes the total optical power incident on said 

3 photodetector and sets a threshold for triggering a fault condition if said optical power 

4 falls below said threshold. 

1 27. The apparatus of claim 20, in a system that fiirther includes: 

2 a coupler that directs a fraction of hght traveling on a fiber to be monitored 

3 to said optical train; and 

4 a management processor that receives information based on said signal 

5 representing a quality characteristic. 
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WAVELENGTH MONITOR FOR WDM SYSTEMS 

ABSTRACT OF THE DISCLOSURE 
A method of monitoring input light having a pluraUty of spectral bands 
(wavelength channels) includes the following, carried out for at least two different spectral 
5 bands at different times, using a common photodetector and wavelength-monitoring circuit 
that is coupled to the photodetector: separating one of the spectral bands from the plurality of 
spectral bands, directing light in only that spectral band to the photodetector, and generating, 
with the wavelength-monitoring circuit, a signal representing a quality characteristic of a 
modulated or unmodulated pattern of light in that spectral band. Each of the plurality of 

10 spectral bands can be individually and sequentially monitored in round-robin fashion, each of 
a subset of the spectral bands can be individually and sequentially monitored in round-robin 
fashion (to provide selective wavelength monitoring), or the monitoring can be ad hoc in 
response to external requirements. If desired, the optical power of the plurality of spectral 
bands can be monitored by directing the light in the spectral bands other than the band that 

1 5 has been separated from the plurality to an additional common photodetector and a common 
power-monitoring circuit. 

PA 3063514 vl 



17 



, David N. sione (650) 326-2400 Steven P. Geofgis et al. 

Townsend and To\^nsend and Crew LLP TCTffriQQono 
Two Embarcadero Center. 8th Floor I & I I y y JU-^ 

San Francisco, CA 9411 1-3834 



1/2 



20 



50 



Network Management 
Interface 



45 



Actuator 
Control 



< — > 



15 



40 



Wavelength Router 
(Routing Elements, 
Dispersive Element, 
Actuators) 



27(1) 



30(1) 



PD 



Signal 
Quality 
Monitor 



i) 35 



< > 



Local 
Controller 




. David .N-£lone (650)326-2400 
Townsend.and Toiynssnd and Crew LLP 
Two'cmbarcadero Center, 8th Floor 
San Francisco, CA 94111-3834 



Steven P. Georgis et al. 
T&T&C 19930-2 



2/2 



90(N) 




FIG. 3B 



^90- 




90(N^ ... 90^2)^0(1) 
95(N) ... 95(1) 1 25 

FIG. 3C 

110 



115(1) 



FIG. 3D 



V A 




J 



Attorney Docket No.: 19930-000200 



DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I declare that: 

My residence, post office address and citizenship are as stated below next to my name; I believe I am the original, first and sole 
inventor (if only one name is listed below) or an original, first and joint inventor (if plural inventors are named below) of the subject 
matter which is claimed and for which a patent is sought on the invention entitled: WAVELENGTH MONITOR FOR WDM 
SYSTEMS, the specification of which is attached hereto (as filed on April 18, 2000), as Application No. . 

I have reviewed and imderstand the contents of the above identified specification, including the claims, as amended by any 
amendment referred to above. I acknowledge the duty to disclose information which is material to patentability as defined in Title 37, 
Code of Federal Regulations, Section 1.56. I claim foreign priority benefits under Title 35, United States Code, Section 119 of any 
foreign application(s) for patent or inventor's certificate listed below and have also identified below any foreign application for patent 
or inventor's certificate having a filing date before that of the application on which priority is claimed. 



POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attomey(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark Office connected therewith. 

David N. Slone, Reg. No. 1Z,512 
Robert C. Colwell, Reg. No. 27,431 
Paul C. Haughey, Reg. No. 31,836 

David G. Beck, Reg. No. 37,776 

James Okamoto, Reg. No. 40,110 



Send Correspondence to: 


Direct Telephone Calls to: 


David N. Slone 


(Name, Reg. No., Telephone No.) 


TOWNSEND and TOWNSEND and CREW LLP 


Name: David N. Slone 


Two Embarcadero Center, 8^*" Floor 


Reg. No,; 28,572 


San Francisco, California 94111-3834 


Telephone: 650-326-2400 



Full Name of 


Last Name: 


First Name: 


Middle Name or Imtial: 


Inventor 2: 


GEORGIS 


STEVEN 


P. 




Residence & 


City: 


State/Foreign Country: 


Country of Citizenship: 


Citizenship: 


Boulder 


Colorado 


U,S.A. 




Post Office 


Post Office Address: 


City: 


State/Country: 


Postal Code: 


Address: 


1989 Oak Avenue 


Boulder 


Colorado 


80304 



Full Name of 


Last Name: 


First Name: 


Middle Name or Initial: 


Inventor 1: 


WEVERKA 


ROBERT 


T. 




Residence & 


City: 


State/Foreign Countiy: 


Country of Citizenship: 


Citizenship: 


San Mateo 


California 


U.S,A. 




Post Office 


Post Office Address: 


City: 


State/Country: 


Postal Code; 


Address: 


2322 Hacienda Street 


San Mateo 


California 


94403 



Page 1 of 2 



Attorney Docket No.: 19930-000200 



I further declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
are beheved to be true; and further that these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and that such willful 
false statements may jeopardize the validity of the application or any patent issuing thereon. 

STEVEN P. GEORGIS, Inventor 1 

Dated: 

ROBERT T. WEVERKA, Inventor 2 

Dated: 

PA 3064965 v1 



Page 2 of 2 



